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Abstract
Although studies have shown that the gut is capable of being a cytokine-producing organ and that the proinflammatory
cytokines TNF-K, IL-1L, and IL-6 are upregulated following the onset of sepsis, it remains unknown whether the gut is
indeed the major source of the increased cytokine production under such conditions. To determine this, male rats were
subjected to cecal ligation and puncture (CLP, a model of polymicrobial sepsis) or sham operation followed by the
administration of normal saline solution subcutaneously (i.e., fluid resuscitation). Systemic and portal blood samples were
taken simultaneously at 2, 5, 10, or 20 h after CLP or sham operation. Plasma levels of TNF-K, IL-1L, and IL-6 were
determined using an enzyme-linked immunosorbent assay. In additional animals, the small intestine was harvested at 10 h
after CLP or sham operation and examined for TNF-K, IL-1L, and IL-6 gene expression by RT-PCR. The results indicate
that the levels of TNF-K, IL-1L, and IL-6 in both systemic and portal blood samples were significantly elevated during sepsis
with the exception that the increase in IL-1L was not significant at 2 h after CLP. However, there were no significant
differences in the levels of those proinflammatory cytokines between systemic and portal blood at any points after the onset
of sepsis. Moreover, there were no significant alterations in the proinflammatory cytokine gene expression in the small
intestine at 10 h after CLP. Since the levels of TNF-K, IL-1L, and IL-6 were not significantly increased in portal blood as
compared to systemic blood and since there was no upregulation of gene expression for these cytokines, it appears that
organs other than the gut are responsible for the upregulated proinflammatory cytokines during polymicrobial
sepsis. ß 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
A number of studies have demonstrated that the
loss of the gut barrier function following various
adverse circulatory conditions results in subsequent
bacterial translocation from the lumen [1^4] which
contributes to the development or exacerbation of
systemic infection by allowing distant spreading of
bacteria and their toxins [4,5]. Although it has been
established that the gut plays an important role in
the development of sepsis following trauma and
shock, it remains unknown whether the gut is the
major source of proin£ammatory cytokines, such as
tumor necrosis factor -K (TNF-K), interleukin-1L
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(IL-1L), and interleukin-6 (IL-6), release during sep-
sis. Deitch et al. have reported that the gut is capable
of producing TNF and IL-6 even in the absence of
detectable bacteria in portal circulation following
hemorrhagic shock [6]. Furthermore, Mainous et al.
have also shown that the gut is capable of becoming
a cytokine-generating organ following systemic in-
£ammation [7]. Although these studies implicate the
gut as a potential source of cytokines following hem-
orrhagic shock or systemic in£ammation [6,7] and
other studies have shown that proin£ammatory cy-
tokines are upregulated in response to bacterial in-
fection [8^10], it remains unknown whether or not
the gut is indeed the major source of proin£amma-
tory cytokine production/release during sepsis. The
aim of the present study, therefore, was to determine
portal versus systemic levels of TNF-K, IL-1L, and
IL-6 and their gene expression in the small intestine
during the early and late phases of polymicrobial
sepsis.
2. Materials and methods
2.1. Animal model of polymicrobial sepsis
Polymicrobial sepsis was induced in male Sprague-
Dawley rats (275^325 g) by cecal ligation and punc-
ture (CLP) according to the method of Chaudry et
al. [11]. Brie£y, rats were fasted overnight (V16 h)
before the induction of sepsis but allowed water ad
libitum. The animals were anesthetized with methoxy-
£urane (Mallinckrodt Veterinary, Inc., Mundelein,
IL) inhalation and a 4-cm ventral midline incision
was made. The cecum was then isolated and ligated
with a 3-0 silk ligature just distal to the ileocecal
valve, punctured twice at opposite ends with an 18-
gauge needle, and returned into the abdominal cav-
ity. Following this, the abdominal incision was
closed in two layers and the animals received normal
saline solution (3 ml/100 g body wt.) subcutaneously
(i.e., £uid resuscitation). Sham-operated rats (con-
trol) underwent the same surgical procedure except
that the cecum was neither ligated nor punctured. It
should be noted that 2^10 h after CLP represents the
early, hyperdynamic phase and 20 h after CLP rep-
resents the late, hypodynamic phase of sepsis [9]. The
experimental protocol and the care of the animals
were performed in accordance with the Animal Wel-
fare Act and National Institutes of Health guidelines
The Guide for Care and Use of Laboratory Animals.
This project was approved by the Institutional Ani-
mal Care and Use Committee of Rhode Island Hos-
pital, Providence, RI.
2.2. Determination of systemic and portal
proin£ammatory cytokine levels
At 2, 5, 10, or 20 h after CLP or sham operation,
whole blood was drawn simultaneously via the portal
vein and by cardiac puncture into heparinized sy-
ringes (V3 ml each). The plasma was immediately
separated by centrifugation at 2200 rpm for 15 min
at 4‡C, divided into aliquots, and stored at 370‡C
until assayed. Systemic and portal levels of TNF-K,
IL-1L, and IL-6 were quanti¢ed using enzyme-linked
immunosorbent assay (ELISA) kits speci¢c for the
rat cytokines mentioned above according to the man-
ufacturer’s instructions (Biosource International, Ca-
marillo, CA). These particular assay kits were se-
lected because of their high degree of sensitivity
(minimum detectable doses, TNF-K 6 4 pg/ml; IL-
1L 6 3 pg/ml; IL-6 6 31 pg/ml), speci¢city (no
cross-reactivities which are signi¢cant to this experi-
ment observed among a panel of substances), and
small volume of plasma sample (50 Wl) required to
conduct the assay.
2.3. Determination of proin£ammatory cytokine gene
expression in the gut
In additional animals, TNF-K, IL-1L or IL-6
mRNA in the small intestine was assessed by RT-
PCR. Jejunal tissue (100 mg) was harvested at 10 h
after CLP or sham operation. Total RNA was ex-
tracted from the small intestine by Tri-Reagent (Mo-
lecular Research Center, Inc., Cincinnati, OH) [12]
and RNA (5 Wg) was reverse-transcribed as previ-
ously described by us [13]. The resulting cDNAs
were ampli¢ed by PCR reaction with 35 cycles at
94‡C for 45 s, 60‡C for 45 s, and 72‡C for 2 min
using the speci¢c primers for rat TNF-K and IL-6
(Clontech, Palo Alto, CA) and for rat IL-1L (for-
ward primer: 5P-CAA CAA AAA TGC CTC GTG
C-3P ; backward primer: 5P-TGC TGA TGT ACC
AGT TGG G-3P) [14]. Rat glyceraldehyde 3-phos-
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phate dehydrogenase (G3PDH) served as a house-
keeping gene (Clontech, Palo Alto, CA). Following
RT-PCR procedure, the reaction products were elec-
trophoresed in 1.6% TBE-agarose gel containing 0.22
Wg/ml ethidium bromide. The gel was then photo-
graphed on Polaroid ¢lm. A PicoGreen dsDNA
quanti¢cation reagent kit (Molecular Probes, Eu-
gene, OR) was also used to quantify PCR ampli¢ca-
tion products. According to the procedure provided
by the manufacturer, the PCR products were diluted
1:100 with Tris-EDTA bu¡er, pH 8.0, and mixed
with an equal volume of PicoGreen reagent. The
mixture was measured by a Bio-TEK FL500 Fluo-
rescence plate reader (Bio-TEK Instruments, Inc.,
Winooski, VT) at an excitation wavelength of 485
nm and an emersion wavelength of 530 nm. The
DNA concentration in PCR products was deter-
mined from the standard curve generated from the
lambda DNA standard provided by the manufac-
turer.
2.4. Statistical analysis
All data are expressed as means þ S.E.M.
and compared by one-way analysis of variance
(ANOVA) and Tukey’s test or Student’s t-test. Dif-
ferences in values were considered signi¢cant if
P9 0.05.
3. Results
3.1. Alterations in systemic and portal levels of
cytokines
Systemic and portal levels of TNF-K were signi¢-
cantly increased at 2, 5, 10, and 20 h after the in-
duction of sepsis (Fig. 1A). The peak level of TNF-K
in septic animals was observed at 2 h (79 þ 24 pg/ml
systemic, 115 þ 18 pg/ml portal) with subsequently
decreasing levels. However, the levels of TNF-K in
portal circulation were not signi¢cantly di¡erent
from those in systemic circulation at any of the
time points studied (Fig. 1A). As shown in Fig. 1B,
systemic and portal levels of IL-1L were increased at
2 h after CLP yet the elevation was not signi¢cant
compared to shams. In contrast, systemic and portal
IL-1L levels increased signi¢cantly at 5, 10, and 20 h
after the onset of sepsis (Fig. 1B). The peak levels of
IL-1L in septic animals occurred at 20 h (265 þ 70 pg/
ml systemic, 281 þ 83 pg/ml portal). However, there
was no signi¢cant di¡erence between levels of IL-1L
in systemic versus portal circulation at 2^20 h after
the onset of sepsis (Fig. 1B). Systemic and portal
levels of IL-6 in septic animals were signi¢cantly in-
creased as compared to sham-operated animals at all
time points (Fig. 1C). The peak levels of IL-6 in
septic animals were observed at 20 h after CLP
(6036 þ 1083 pg/ml systemic, 4851 þ 337 pg/ml por-
tal). Similar to TNF-K and IL-1L, there was no sig-
ni¢cant di¡erence between the levels of IL-6 in sys-
temic and portal circulation (Fig. 1C).
Fig. 1. Alterations in systemic and portal plasma levels of
TNF-K (A), IL-1L (B), and IL-6 (C) at 2, 5, 10, and 20 h after
cecal ligation and puncture (CLP) or sham operation. There
were 4^8 animals in each group at each time point. Data are
presented as means þ S.E.M. and compared by one-way AN-
OVA and Tukey’s test. *P6 0.05 versus respective sham group.
ND = non-detectable.
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3.2. Alterations in cytokine gene expression in the gut
As shown in Fig. 2A, the levels of TNF-K (295
bp), IL-1L (331 bp), or IL-6 (614 bp) mRNA in
the small intestine did not appear to be di¡erent
between CLP and sham-operated animals at 10 h
after surgery. Moreover, quanti¢cation of PCR
products indicated no signi¢cant di¡erences between
sham-operated and septic animals at 10 h after sur-
gery (Fig. 3). The bands for the control gene G3PDH
were similar for both CLP and sham groups in the
small intestine (Fig. 2B). This indicates a similar level
of reverse transcription which supports the notion
that the absence of signi¢cant di¡erences in RT-
PCR products after CLP was due to a true lack of
di¡erences in cytokine mRNAs under such condi-
tions.
4. Discussion
Previous studies have indicated that hepatocellular
dysfunction occurs early after the onset of sepsis de-
spite increased cardiac output, increased hepatic mi-
crovascular perfusion, and decreased peripheral vas-
cular resistance and is likely to be due to the
upregulated proin£ammatory cytokines [15,16].
Moreover, it has been demonstrated that TNF-K in-
fusion at a dose that does not decrease cardiac out-
put and hepatic perfusion produces hepatocellular
dysfunction and vascular endothelial cell dysfunction
with a marked elevation in plasma IL-6 levels [17,18].
Studies have also indicated that blockade of TNF-K
biological activity by monoclonal antibodies or in-
hibition of its synthesis by pharmacologic agents
such as pentoxifylline is bene¢cial during sepsis
[19,20]. Thus, it has been suggested that cellular dys-
function observed early after the onset of sepsis may
be a consequence of upregulated proin£ammatory
cytokines such as TNF-K, IL-1L, and IL-6
[9,10,21]. However, the major source of proin£am-
matory cytokine production/release after the onset
of sepsis still remains unclear.
A number of studies have examined the role of the
gut in producing proin£ammatory cytokines during
sepsis or following other adverse circulatory condi-
tions [1^3,5,6,22]. Studies dealing with the loss of
Fig. 2. mRNAs of TNF-K (295 bp), IL-1L (331 bp), and IL-6
(614 bp) (A) as well as the housekeeping gene G3PDH (983 bp)
mRNA (B) in the small intestine at 10 h after CLP or sham
operation. (A) Lane 1, PX174/HaeIII size markers; lane 2,
TNF-K in sham-operated animal; lane 3, TNF-K in CLP ani-
mal; lane 4, IL-1L in sham-operated animal; lane 5, IL-1L in
CLP animal; lane 6, IL-6 in sham-operated animal; lane 7, IL-
6 in CLP animal. (B) Lane 1, PX174/HaeIII size markers; lane
2, G3PDH in sham-operated animal; lane 3, G3PDH in CLP
animal.
Fig. 3. Alterations in mRNAs for TNF-K, IL-1L, and IL-6 in
the small intestine as quanti¢ed by PCR products at 10 h after
the onset of sepsis or sham operation. There were three animals
in each group. Data are presented as means þ S.E.M. and com-
parison by Student’s t-test indicated that there were no signi¢-
cant di¡erences in the PCR products of the tested cytokines be-
tween septic and sham-operated animals.
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intestinal barrier function following hemorrhagic
shock have indicated that the increased intestinal
permeability results in translocation of bacteria
from the gut into circulation where spreading to dis-
tant tissues and organs can occur [4,5]. Additional
studies have suggested that the gut is a cytokine-gen-
erating organ during in£ammatory conditions [7],
hemorrhagic shock [6], or after endotoxin stimula-
tion in vitro [23]. Although these studies have impli-
cated the gut as a potential source of bacteria as well
as cytokines following the adverse circulatory condi-
tions, it remained unknown whether or not the gut is
indeed the major source of proin£ammatory cyto-
kines after the onset of polymicrobial sepsis. The
present study was therefore carried out to determine
whether proin£ammatory cytokine levels in the por-
tal blood is higher than in the systemic blood and
whether gene expression of TNF-K, IL-1L, and IL-6
in the small intestine is upregulated during the early
and late phases of polymicrobial sepsis.
Our results indicate that both systemic and portal
levels of the proin£ammatory cytokines TNF-K, IL-
1L, and IL-6 are signi¢cantly elevated during sepsis,
except that the increase in IL-1L at 2 h after CLP is
not signi¢cant. This further con¢rms our previous
¢ndings that proin£ammatory cytokines increase
after the onset of sepsis [8,10]. Despite the fact that
plasma levels of TNF-K, IL-1L, and IL-6 increased
signi¢cantly following the onset of sepsis, the cyto-
kine levels in the portal blood were not signi¢cantly
higher than those in the systemic blood at all time
points studied. This would suggest that the gut is not
the major source of cytokine production during sep-
sis. Such a notion is further supported by the ¢nding
that TNF-K, IL-1L, and IL-6 gene expression is not
upregulated in the small intestine at 10 h after CLP.
It could be argued that cytokine mRNA in the gut
might have declined at 10 h after CLP. Although this
may be the case, the fact remains that portal levels of
the measured cytokines were not signi¢cantly di¡er-
ent from those in systemic blood even at 2 h after
CLP. This would suggest that cytokine gene tran-
scription and translation may not have been mark-
edly upregulated during the early stage of sepsis.
These results are consistent with the study of Jiang
et al. which demonstrated that despite evidence of
bacterial translocation from the gut after hemorrha-
gic shock, there was no di¡erence in the elevation of
TNF between portal and systemic circulation [1]. In
addition, their study suggests that although gut-asso-
ciated macrophages may be the major source of TNF
during the early stage of shock, Kup¡er cells appear
to be the major source at the late stage of shock [1].
This may explain the increased, though not signi¢-
cant, elevation of TNF-K in portal blood versus sys-
temic blood at 2 h after CLP in the present study.
Due to the intimate connection of the gut and liver
via portal circulation, it is possible that increased
TNF-K produced in the gut early after the onset of
sepsis may induce cytokine production from Kup¡er
cells in the liver with time. Nonetheless, there ap-
pears to be su⁄cient evidence indicating that organs
other than the gut may be the major source of proin-
£ammatory cytokine release during sepsis. Bathe et
al. reported that the gut is not a source of TNF or
IL-6 in a porcine model of endotoxicosis [24]. Other
studies have demonstrated that while increased intes-
tinal permeability was associated with an upregula-
tion of both portal and systemic IL-6 following hem-
orrhage, there was no di¡erence between the two
levels [2]. Whereas these studies examined the role
of the gut using models of adverse conditions other
than CLP, the present ¢ndings suggest that the gut is
not the principal source of proin£ammatory cytokine
release during polymicrobial sepsis.
Although our ¢ndings suggest that the gut is not
the major proin£ammatory cytokine-producing or-
gan during sepsis, this does not exclude the fact
that the gut is indeed capable of generating cyto-
kines. As indicated by the baseline and experimental
mRNA levels observed in this study, there are cells in
the gut which are responsible for some proin£amma-
tory cytokine gene expression and production under
sham as well as septic conditions. Studies of Ogle et
al. have indicated that thermal injury or endotoxin
stimulation can increase production of the proin£am-
matory cytokines TNF and IL-6 by enterocytes
[23,25]. In addition to the contribution of entero-
cytes, studies indicate that the gut-associated lym-
phatic tissue may be responsible for producing and
liberating cytokines after either an in£ammatory in-
sult or hemorrhagic insult [6,7]. Although enterocytes
and mesenteric lymph nodes may have the ability to
produce and the potential to become a signi¢cant
source of proin£ammatory cytokines following hem-
orrhagic shock, our results do not indicate that the
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gut is the major proin£ammatory cytokine-producing
organ during sepsis.
Despite the fact that the present study indicates
that the gut does not play a signi¢cant role during
sepsis as the major proin£ammatory cytokine-pro-
ducing organ, bacterial translocation has been impli-
cated as a major factor in the development of sys-
temic infection and multiple organ failure following
hemorrhagic shock [5]. However, because the model
of CLP provides a de¢ned septic focus with an abun-
dance of bacteria and bacterial products into circu-
lation early after the induction of sepsis, bacterial
translocation during polymicrobial sepsis may not
play the same role as that seen following hemorrha-
gic shock. Nonetheless, it remains to be determined
to what extent intestinal bacterial translocation con-
tributes to the systemic in£ammatory response after
CLP. In this regard, our preliminary results indicate
that plasma levels of endotoxin were similar in the
portal blood versus systemic blood at 10 h after
CLP, suggesting that intestinal endotoxin transloca-
tion does not play a major role in increasing circu-
lating levels of endotoxin during sepsis. Moreover,
there appears to be a close relationship between the
gut and Kup¡er cells in the liver. Kup¡er cells are
known to be a major source of proin£ammatory cy-
tokine release during sepsis [10,26^28]. Studies from
our laboratory have indicated that levels of TNF and
IL-6 mRNA in Kup¡er cells increased as early as 1 h
after the onset of sepsis and persisted at 2 and 5 h
[10]. In addition, studies have shown that modula-
tion of cytokine release from these cells has bene¢cial
e¡ects on lethality and distant organ function [29^
31]. Moreover, recent ¢ndings from our laboratory
suggest that Kup¡er cell reduction and phagocytic
blockade during early sepsis maintains hepatocellular
function, and this bene¢cial e¡ect is associated with a
decrease in the elevated systemic levels of IL-1L and
IL-6 [32]. Therefore, gut-derived mediators may stim-
ulate and activate Kup¡er cells and cause subsequent
release of proin£ammatory cytokines which can ad-
versely e¡ect the function of distant organs [5,28,33].
To further support this notion, Ayala et al. have
demonstrated that depressed splenic function after
hemorrhage may result from Kup¡er cell mediators
which are released as a result of factors derived from
the gut [33].
In summary, our results indicate that although
plasma levels of the proin£ammatory cytokines
TNF-K, IL-1L, and IL-6 are elevated during sepsis,
there is not a signi¢cant di¡erence between those
levels in systemic versus portal circulation. More-
over, mRNA analysis revealed that there were no
signi¢cant alterations in proin£ammatory cytokine
gene expression in the small intestine during sepsis.
Thus, organs other than the gut are responsible for
major proin£ammatory cytokine release during poly-
microbial sepsis.
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